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DYNAMIC BATTERY POWER and battery runtime . This allows for a balance between 
MANAGEMENT performance and runtime that can vary according to the 

settings the user selects . 
BACKGROUND In one general aspect , an electronic device includes : a 

5 battery ; one or more sensors configured to sense a voltage 
Battery - powered electronic devices often implement provided by the battery and an electric current provided by 

power - management systems to regulate battery power the battery ; and a power management system configured to : 
usage . Under some conditions , power - management systems sense , using the one or more sensors , a voltage provided by 
may limit the current that can be drawn from the battery to the battery and an electric current provided by the battery ; 
prevent device shut - down . 10 determine a present state of the battery ; determine an electric 

current limit for the electronic device based on the sensed 
SUMMARY voltage , the sensed electric current , and the determined 

present state of the battery ; and initiate a reduction in power 
In some implementations , battery - powered electronic use of the electronic device to maintain electric current draw 

devices can determine current limits that vary over time to 15 from the battery at or below the electric current limit . 
account for changing conditions , such as battery state of Implementations may include one or more of the follow 
charge , battery age , and battery temperature . The battery and ing features . For example , in some implementations , the 
system conditions may be sensed at repeated intervals and electronic device is a mobile phone . 
used to determine a dynamic maximum current limit . The In some implementations , the power management system 
dynamic maximum current limit may change over time as 20 is configured to : periodically repeat a measurement cycle 
the sensed battery and system conditions change . The device that includes ( i ) sensing the voltage and electric current 
power management system may apply the dynamic maxi - provided by the battery , and ( ii ) determining the present state 
mum current limit , or another dynamic current limit , to of the battery , and adjust the electric current limit for the 
allow increased performance , while still avoiding current electronic device based on data obtained during the periodi 
levels that would cause battery voltage to drop below 25 cally repeated measurement cycles . 
acceptable levels . In some implementations , the electronic device has a 

In some previous devices , a power management system voltage threshold , and the electronic device is configured to 
applies a fixed lower current limit . The fixed lower current power down in response to detecting a voltage that is less 
limit may correspond to a worst - case battery condition . For than the voltage threshold . 
example , instead of using actual characteristics of the battery 30 In some implementations , the power management system 
and without assessing the present battery impedance , some is configured to obtain data indicating the present state of the 
devices set a fixed limit that would avoid undervoltage with battery by obtaining data indicating an open circuit voltage 
a battery that is old , cold , and has low battery charge . When of the battery . 
applied by the device power - management system , the fixed In some implementations , the power management system 
lower current limit throttles device performance which 35 is configured to obtain the open circuit voltage of the battery 
extends battery runtime and avoids undervoltage conditions . by : obtaining data indicating a state of charge of the battery 
However , if the actual battery condition is better than the and a temperature of the battery ; and determining an open 
assumed worst - case battery condition , the fixed lower cur - circuit voltage corresponding to the indicated state of charge 
rent limit overthrottles the device , reducing device perfor - of the battery and the indicated temperature of the battery . 
mance more than is actually necessary to avoid undervoltage 40 In some implementations , to determine the electric cur 
conditions . rent limit for the electronic device , the power management 

The techniques in the present application can avoid the system is configured to determine , based on the sensed 
unnecessary performance reductions of fixed current thresh - voltage , the sensed electric current , and the determined state 
olds by allowing a device to dynamically adjust current of the battery , a maximum electric current threshold indi 
limits as battery conditions change . For example , as battery 45 cating an amount of electric current that the battery can 
impedance varies with age , temperature , and other factors , provide without the voltage provided by the battery falling 
the device can sense the change and alter the current limit below a predetermined voltage threshold . 
accordingly . This can avoid unnecessarily reducing device In some implementations , the power management system 
performance by allowing higher currents than typical fixed is configured to : determine a battery impedance of the 
current limits . By determining and applying a current limit 50 battery based on the sensed voltage and electric current ; and 
based on the actual sensed battery condition rather than the determine the electric current limit for the electronic device 
worst - case battery condition , the device can achieve better using the battery impedance . 
device performance while still avoiding current spikes that In some implementations , the electronic device is config 
could result in undervoltage conditions . ured to provide a user interface configured to receive user 

In some implementations , the device may allow the user 55 input indicating a power management preference of a user of 
to select a customized current limit . The customized limit the electronic device . The power management system may 
may be between the dynamic maximum current limit and the be configured to determine the electric current limit for the 
fixed lower current limit . When the user indicates a prefer - electronic device based on the power management prefer 
ence for high performance , the device can select the ence indicated by the user input received using the user 
dynamic maximum current limit to allow the best device 60 interface . 
performance possible given the actual battery conditions In some implementations , the power management system 
present . On the other hand , if the user indicates a preference is configured to determine the electric current limit for the 
for longer battery life , the electronic device can select the electronic device by : determining a first electric current 
fixed lower current limit to provide the longest battery threshold for the electronic device ; determining a maximum 
runtime . The device can set a current limit between the 65 electric current threshold based on the sensed voltage , the 
maximum dynamic current limit and the fixed lower current sensed electric current , and the determined state of the 
limit that provides a trade - off between device performance battery , the maximum electric current threshold being 
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greater than the first electric current threshold ; and selecting , In some implementations , the voltage threshold represents 
as the electric current limit for the electronic device , an an end of discharge voltage of the battery , a minimum 
electric current limit in a range from the first electric current voltage required for operation of the electronic device , or a 
threshold to the maximum electric current threshold based minimum voltage below which the electronic device is 
on the power management preference indicated by the user 5 configured to automatically power down . 

In some implementations , the method includes operating input received using the user interface . the electronic device to manage power consumption using a In some implementations , selecting the electric current first electric current limit . Setting the electric current limit limit includes selecting , based on the power management for the electronic device can include : ( i ) determining a 
preference indicated by the user input received using the battery impedance corresponding to the present state of the 
user interface , an electric current limit that is that is greater battery , the battery impedance being based on at least , the 
than the first electric current threshold and less than the sensed voltage , and the sensed electric current ; ( ii ) deter 
maximum electric current threshold . mining an electric current threshold based at least on the 

In some implementations , the power management system determined battery impedance , where the current limit is 
is configured to initiate a reduction in power use of the based on the current threshold ; and ( iii ) changing an electric 
electronic device by one or more of : dimming a display of 15 current limit for the electronic device from the first electric 

current limit to a second electric current limit that is based the electronic device ; reducing electric current supplied to on the determined electric current threshold , where the one or more components of the electronic device ; reducing second electric current limit is different from the first electric 
a voltage supplied to one or more performance blocks of the current limit . 
electronic device ; reducing a clock frequency of one or more 20 In some implementations , the method includes periodi 
processing units of the electronic device ; or deactivating one cally obtaining updated data indicating the present state of 
or more components of the electronic device . the battery and voltage and current provided by the battery , 

In another general aspect , a system or device includes : and periodically adjusting the electric current limit for the 
one or more electronic devices configured to manage power electronic device based on the updated data . 
of a battery - powered electronic device , where the system is 25 In some implementations , the electronic device repeats 
configured to : obtain a voltage provided by the battery of the the operations of obtaining updated data and adjusting the 
electronic device and an electric current provided by the electric current limit at a rate between once per hour and 1 

MHz . battery of the electronic device ; determine a present state of In some implementations , the method includes providing the battery of the electronic device ; determine an electric 
current limit for the electronic device based on the obtained 30 a user interface configured to receive user input indicating a 

power management preference of a user of the electronic voltage , and the obtained electric current , and the deter device . Setting the electric current limit for the electronic mined present state of the battery ; and initiate a reduction in device can be based on the power management preference device can be 
power use of the electronic device to maintain electric indicated by the user input received using the user interface . 
current draw from the battery of the electronic device at or Other embodiments of these aspects include correspond 
below the electric current limit . For example , the system or 35 ing systems , apparatus , firmware , and software programs , 
device may be implemented as one or more power manage configured to perform the actions of the methods , encoded 
ment integrated circuits , such as a power management chip on machine - readable storage devices . A system of one or 
that can be a component of a mobile phone , computer more device can be so configured by virtue of software , 
system , or other electronic device . firmware , hardware , or a combination of them installed on 

In another general aspect , a method includes : sensing , by 40 the system that in operation cause the system to perform the 
an electronic device that is powered by a battery , a voltage actions . One or more software programs can be so config 
provided by the battery and an electric current provided by ured by virtue having instructions that , when executed by 
the battery ; determining , by the electronic device , a present data processing apparatus , cause the apparatus to perform 
state of the battery ; determining , by the electronic device , an the actions . 
electric current limit for the electronic device based on the 45 In some implementations , the techniques disclosed in the 
sensed voltage and electric current and the determined application can provide one or more of the following advan 
present state of the battery ; and managing , by the electronic tages . Power management settings based on the actual 
device , power use of the electronic device to maintain battery condition can provide better device performance 
electric current draw from the battery at or below the electric than settings based on a worst - case battery condition while 
current limit . 50 still preventing undervoltage conditions and the sudden 

Implementations may include one or more of the follow - device shut - down that can result . The device can determine 
ing features . For example , in some implementations , deter - power management settings that vary over time and reflect 
mining a present state of the battery includes obtaining data changes in battery condition , preventing unnecessary reduc 
indicating a state of charge of the battery , a temperature of tions in device performance . The device can provide an 
the battery , or an open circuit voltage of the battery . Deter - 55 enhanced user experience by determining power manage 
mining the electric current limit for the electronic device can ment settings that are customized to a user ' s preference for 
include : determining an electric current threshold for the balancing battery runtime and better device performance . 
electronic device based on at least ( i ) the voltage provided The details of one or more embodiments of the invention 
to the electronic device by the battery and ( ii ) the data are set forth in the accompanying drawings and the descrip 
indicating the state of charge of the battery , the temperature 60 tion below . Other features and advantages of the invention 
of the battery , or the open circuit voltage of the battery ; and will become apparent from the description , the drawings , 
setting the electric current limit for the device based on the and the claims . 
determined electric current threshold . 

In some implementations , the method includes determin BRIEF DESCRIPTION OF THE DRAWINGS 
ing a voltage threshold for the electronic device , and deter - 65 
mining the electric current limit for the electronic device is FIG . 1 is a diagram that illustrates an example of a system 
further based on the voltage threshold . for dynamic battery power management . 
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FIG . 2 is an example user interface for specifying of the battery 112 , may be a unit separate from the battery 
dynamic battery power management preference . 112 , or may be part of a larger battery management system . 

FIG . 3 is a chart that illustrates an example of battery The battery fuel gauge 114 may comprise an integrated 
management that can lead to premature device shut - down . circuit . 

FIG . 4 is a set of charts that illustrate an example of device 5 The battery fuel gauge 114 may use any method or 
behavior when battery runtime is preferred . combination of methods to measure or estimate the state of 

FIG . 5 is a set of charts that illustrate an example of device charge of battery 112 . For example , the battery fuel gauge 
behavior when device performance is preferred . 114 may measure the state of charge by applying a con FIG . 6 is a flow chart that illustrates a process for dynamic trolled discharge to battery 112 . As another example , the battery power management . battery fuel gauge 114 may estimate the state of charge by Like reference numbers and designations in the various coulomb counting during charging and / or discharging bat drawings indicate like elements . tery 112 . 

DETAILED DESCRIPTION The temperature sensor 115 measures a battery tempera 
15 ture TRAT . The temperature sensor 115 may be any appro 

FIG . 1 is a diagram that illustrates an example of a system priate device that senses the temperature , for instance , a 
100 for dynamic battery power management . The system management . The system thermistor . The temperature sensor 115 is located in close 
100 includes a device 110 powered by a battery , and the proximity to the battery 112 . For example , the temperature 
device 110 manages the rate that it consumes power from the sensor 115 may be integrated into the package of battery 
battery . The example of FIG . 1 shows how the device 110 20 112 , or it may be attached to circuit module connected to 
can adjust a current limit to account for the current state of battery 112 . In some implementations , like that shown in 
the device 110 and its battery . FIG . 1 shows stages ( A ) FIG . 1 , the temperature sensor 115 provides an output 
through ( E ) , which illustrate a flow of data . indicating battery temperature Tray to the battery fuel gauge 

In some implementations , the device 110 can dynamically 114 . 
adjust current limits and other power management settings 25 The system voltage sensor 116 measures the system 
in response to changing conditions . Device - level current voltage Vsys . The system voltage Vsys represents the total 
limits for the device 110 can be adjusted , while the device voltage delivered by the battery 112 to the device 110 . It 
110 is in use , to reflect changes in temperature , battery includes the voltage supplied by the battery 112 to power all 
impedance , and battery condition . For example , varying components within the device 110 . The system voltage 
current limits may be set to take into account changes in 30 sensor 116 may continuously sense the system voltage V Sys : 
battery age , battery temperature , device temperature , state of Alternatively , the system voltage sensor 116 may sense the 
charge of the battery , and other factors . As a result , the system voltage Vsys at periodic intervals . Those periodic 
device 110 can vary its current limit in real - time or near intervals may be regular or irregular . The system voltage 
real - time to respond to changing conditions . sensor 116 may sense the system voltage Vsys in response to 

In the example of FIG . 1 , the device 110 determines 35 a query or signal from another component within the device 
various parameters during periodic measurement cycles . For 110 . 
example , at a predetermined measurement interval 102 , the The system current sensor 118 measures the system 
device 110 can perform measurement operations to sense a current Isys . The system current Isys represents the total 
battery state of charge , a battery temperature TRAT , a system current delivered by the battery 112 to the device 110 . It 
voltage Vsys provided by the battery , and a system current 40 includes the current supplied by the battery 112 to power all 
Isys provided by the battery . The results of these measure components within the device 110 . The system current 
ments can be used to adjust the current limit . sensor 118 may continuously sense the system current Isys : 

The device 110 may be , for instance , a mobile phone , a Alternatively , the system current sensor 118 may sense the 
laptop , a tablet , a wearable device , a smartphone , a cell system current Isys at periodic intervals . Those periodic 
phone , a calculator , a watch , a mobile computing device , or 45 intervals may be regular or irregular . The system current 
other battery - powered electronic device . sensor 118 may sense the system current Isys in response to 

The device 110 includes a battery 112 , a battery fuel a query or signal from another component within the device 
gauge 114 , a temperature sensor 115 , a system voltage 110 . The performance blocks 120 include components 
sensor 116 , a system current sensor 118 , performance blocks within the device 110 that draw power from the battery 112 . 
120 , a power management module 130 , device settings 140 , 50 For example , the performance blocks 120 may include a 
and a user interface 150 . central processing unit ( CPU ) , a graphics processing unit 

The battery 112 provides power to the device 110 . The ( GPU ) , a memory system , an external light , a flash , a display 
battery 112 may be , for example , a lithium ion device , a system , a processing module , or any other element within 
lithium - ion polymer device , a nickel metal hydrate device , a the device 110 that draws power from the battery 112 . 
nickel cadmium device , or other device that provides power 55 The power management module 130 regulates power 
to the device 110 . The battery 112 may comprise a single cell consumption of the device 110 . The power management 
or multiple cells and may be rechargeable . module 130 may be implemented in software or hardware , 

The battery 112 has a battery impedance RBAT . The and may comprise an integrated circuit . To regulate power 
battery impedance Rbat may change over time and may consumption , the power management module 130 may 
depend on many factors . For example , the battery imped - 60 implement one or a combination of settings and techniques . 
ance RBag may change with battery age , battery temperature , For example , the power management module 130 may limit 
or battery state of charge . Often , the battery impedance RBAT the power consumption of device 110 by limiting the system 
will increase as the battery ages , becomes colder , or has a current Isys provided by the battery 112 to the device 110 . 
low state of charge . The power management module 130 may limit currents by , 

The battery fuel gauge 114 is connected to the battery 112 65 for instance , throttling or disabling individual performance 
and provides an output that indicates the battery ' s state of blocks 120 . For example , the power management module 
charge . The battery fuel gauge 114 may be integrated as part 130 may dim or turn off the display . As another example , the 
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power management module 130 may regulate power con while the battery provides the amount of voltage measured 
sumption by implementing dynamic voltage scaling or a s system voltage Vsys . The system current Isys represents 
dynamic frequency scaling . the total current provided by the battery 112 , e . g . , the amount 

The device 110 stores device settings 140 , which can be of current provided to the system load impedance Rsys , 
parameters and settings that affect the operation of the 5 which represents the total impedance of the device 110 that 
device 110 . The device settings 140 are stored within the is seen by the battery . Because the battery impedance Run 
device 110 , for example , in a memory of device 110 . can be considered series - connected to the system impedance 

The user interface 150 enables a user of the device 110 to Roys , the system current Isys also appears across the battery 
interact with the device 110 . For example , the user may input impedance Run 
data to the device 110 through the user interface 150 . As 10 In stage ( B ) , the device 110 determines the battery open 
another example , the device 110 may display messages to circuit voltage OCV corresponding to the sensed battery 
the user or prompt the user for input through the user state of charge and battery temperature Trat . The battery 
interface 150 . The user interface 150 may comprise , for open circuit voltage OCV is the maximum ideal voltage that 
instance , a touchscreen display , an LCD display , or a key can be supplied by the battery 112 . The battery open circuit 
board . 15 voltage OCV may vary with time . For example , the battery 

In some implementations , the device 110 includes one or open circuit voltage OCV typically varies with the battery 
more processing modules that can perform the operations state of charge . The battery open circuit voltage OCV is 
discussed with respect to stages ( A ) through ( E ) . For maximum when the battery 112 is fully charged and 
example , the device 110 may use a CPU , the power man - decreases as the battery 112 discharges . For example , the 
agement module 130 , a device chipset , and / or other pro - 20 open circuit voltage OCV may be 4 . 35 V when the battery 
cessing modules , alone or in combination , to carry out the 112 is at a 100 % state of charge ( fully charged ) , and may 
operations discussed below . The techniques may be imple - decrease to 3 . 0 V when the battery 112 is at a 0 % state of 
mented in hardware , firmware , software , or some combina charge ( fully discharged ) . The battery open circuit voltage 
tion or sub - combination of them . In some implementations , OCV also typically varies with battery temperature . 
an operating system , application , or other software of the 25 In some implementations , the device 110 determines the 
device 110 may coordinate or manage the measurement battery open circuit voltage OCV by referring to one or more 
cycles and power management operations . In other imple - tables . The one or more tables associate a battery state of 
mentations , power management , including setting the timing charge and a battery temperature with an expected battery 
and characteristics of measurement cycles and current lim open circuit voltage OCV . For example , the device 110 may 
its , may be performed by hardware modules independently 30 store one or more tables in a memory system of device 110 
of an operating system . and use the sensed state of charge and the sensed battery 

During stage ( A ) , the device 110 performs a measurement temperature Tear to look up the corresponding battery open 
cycle . During the measurement cycle , the device 110 can circuit voltage in one of the stored tables . In some imple 
sense various properties of the battery and / or other aspects mentations , the device 110 may interpolate between values 
of the device 110 . For example , during the measurement 35 in one or more tables to determine the battery open circuit 
cycle the device 110 can sense a battery state of charge , a voltage OCV expected for the actual sensed state of charge 
battery temperature TBAT , a system voltage Vsys , and a and battery temperature TRAT . A state of charge table may be 
system current Isys : predetermined , for instance , determined by a battery manu 

The battery state of charge is sensed by the battery fuel facturer or measured by the battery fuel gauge 114 . 
gauge 114 . The battery fuel gauge 114 typically provides an 40 The battery open circuit voltage OCV can be considered 
output that indicates the state of charge of the battery 112 , to be delivered across the series connection of the battery 
for example , as a percentage of the battery ' s full charge impedance Rrst and the system impedance Rove . When 
capacity . For instance , when the battery 112 is fully charged , there is a non - zero system current Isys , there is a voltage 
the battery fuel gauge 114 may provide an output that drop Vestup across the internal battery impedance Rear due 
corresponds to 100 % . When the battery 112 is at half charge 45 to the system current Icys : 
capacity , the battery fuel gauge 114 may provide an output 
that corresponds to 50 % . VBATIR = ISYSRBAT ( 1 ) The battery temperature Tbaris sensed by the temperature 
sensor 115 . In some implementations , the temperature sen As a result , the system voltage Vsys delivered to the 
sor 115 provides an output indicating the battery temperature 50 device 110 by the battery 112 is reduced from the battery 
TBAt to the battery fuel gauge 114 . open circuit voltage OCV by the voltage dropped across the 

The system voltage Vsys is sensed by the system voltage battery impedance RBAT : 
sensor 116 . The system voltage Vsys represents a measured 
value of the voltage delivered by the battery 112 to the Vsys = 0CV - VBATIR ( 2 ) 
device 110 during the measurement cycle . The voltage Vsys 55 In stage ( C ) , the device 110 determines a dynamic maxi 
represents the voltage provided to the device 110 as a whole , mum current limit ILIMIT DYN . The dynamic maximum cur 
e . g . , across the system load impedance Rsys , where the rent limit ILIMIT Dyy represents an electric current threshold 
system impedance Rsys is the combined impedance of all for the device given the current conditions of the battery 112 
components within the device 110 that draw power from the and the device 110 . For example , dynamic maximum current 
battery 112 . The system impedance Rsys of the device 110 60 limit ILIMIT Dyn can represent a maximum amount of system 
can be considered to be series - connected to the battery current , Igys , that the battery 112 can provide to the device 
impedance Rbat of the battery 112 . 110 conditions without causing the system voltage , Vsys , to 

The system current Isys is sensed by the system current decrease below a voltage threshold . This threshold may be , 
sensor 118 . The system current Isys represents a measured for example , an end of discharge voltage of the battery , a 
value of the electric current delivered by the battery 112 to 65 minimum voltage required for operation of the electronic 
the device 110 during the measurement cycle . For example , device , or a minimum voltage below which the electronic 
the system current Isys can represent the current delivered device is configured to automatically power down . For 
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example , the voltage threshold may be a system under - current limit ILIMIT , DYN can also vary based on other factors , 
voltage lock - out voltage VUVLO : for instance , the device condition . 

The system under - voltage lock - out voltage Vuvio is a To determine ILIMIT DYN , in some implementations the 
minimum threshold voltage related to the required opera device 110 determines the present battery impedance RBAT 
tional voltage of the device 110 . If the system voltage Vsys 5 based on the sensed system voltage Vsys , the sensed system 
is detected to drop below the system under - voltage lock - out current Isys , and the determined present battery condition as 
voltage VUVLO , the device 110 may shut - down to prevent indicated by the battery open circuit voltage OCV : 
device 110 from operating below the required operational 
voltage . For instance , if the system under - voltage lock - out 
voltage Vulo is 2 . 7 V and the device 110 senses a system OCV – VSYS 
voltage Vsys of 2 . 69 V , the device 110 may initiate a Isys 
shut - down process . The system under - voltage lock - out volt 
age Vuvo may be predetermined , may not change with where the battery open circuit voltage OCV was deter 
time , and may be stored in the device settings 140 . For 15 mined in stage ( B ) based on the sensed battery state of 
example , the system under - voltage lock - out voltage VUVLO charge and battery temperature Text . The dynamic maxi 
may be a system setting that is set by the device manufac mum current limit Ilimit , pin may then be determined by 
turer . 
Under some conditions , the system voltage Vsys may drop 

below the system under - voltage lock - out voltage V Uvlo due 20 OCV – VUVLO 
to a low battery state of charge . For example , during RBAT 
operation of device 110 , the battery state of charge decreases 
as the battery 112 is discharged . As the battery state of where the present battery impedance RBAT is described by charge decreases , the open circuit voltage OCV delivered by 
the battery 112 to the device 110 also decreases . As indicated 25 equ sequation ( 3 ) . The determined battery impedance Rbat rep 
by equation ( 2 ) , as the battery open circuit voltage OCV resents the impedance of the battery at the time of the 
decreases , the system voltage V are also decreases . When the measurement and takes into account factors including bat 
battery 112 discharges to a state of charge that reduces the tery age , battery condition , and battery temperature . In some 
system voltage V sys below the system under - voltage lock - implementations , Rbat may include the impedance of any 
out voltage V , V , the battery 112 can no longer provide the 30 connections between the battery and the system load . 
required operational voltages and the device 110 may power I n stage ( D ) , device 110 determines a power management 
down . current limit ILIMTPM to be used by the power management 
Under some conditions , the system voltage Vsxs may drop module 130 to regulate power usage of the device 110 . In 

below the system under - voltage lock - out voltage VUVLO some implementations , the power management module 130 
even if the battery 112 can provide the operational voltages 35 may apply power management settings and techniques to 
required by device 110 . For example , the system voltage prevent the system current Isys from exceeding the power 
Vsys may drop below the system under - voltage lock - out management current limit ILIMIT . PM . 
voltage Vuvio due to an increased system current Isys . An Limiting the system current Isys can have various desir 
increased system current Isys may arise , for instance , by an able and undesirable effects on the behavior of device 110 . 
increased computing demand in the device 110 . Because the 40 For example , limiting system current Isys has the desirable 
battery impedance RBAT and system impedance Rsys can be effect of preventing premature shut - down of device 110 due 
considered series - connected , an increased system current to temporary increases ( e . g . spikes ) in the system current 
Isys will cause an increased voltage drop Vrat across the Isys . Limiting system current Isys also has the desirable 
battery impedance Rbat , as indicated by equation ( 1 ) . The effect of extending the battery runtime by slowing the 
increased voltage drop VRAT will reduce the system voltage 45 discharge of the battery 112 . Limiting system current Isys 
Vsys , as indicated by equation ( 2 ) . If the system voltage may have the undesirable effect of throttling the perfor 
Vsys decreases below the system under - voltage lock - out mance of device 110 , where limiting the current available 
voltage Vuvio , the device 110 may power down . Here , the the device 110 results in slowing the execution of processes , 
battery 112 may be sufficiently charged to generate the running fewer processes , or other degradations in device 
necessary system voltage Vsys at a lower system current 50 performance . 
Isys . In this case , because the battery 112 retains sufficient The relative impact of these effects on the behavior of 
charge to provide the operational voltages required by device 110 may vary based on the power management 
device 110 , the shut - down of device 110 is considered current limit I , IMIT PM . For example , a lower power man 
premature . agement current limit ILIMIT . PM imposes a more restrictive 

The dynamic maximum current limit ILIMIT DYN repre - 55 limit on the system current Isys delivered to device 110 . A 
sents the maximum system current Isys that the battery 112 more restricted system current Icys leads to a longer battery 
can provide to device 110 without causing the system runtime by slowing the rate of discharge of battery 112 . 
voltage Vsys to decrease below a system under - voltage However , a more restricted system current Isys also leads to 
lock - out voltage UUvlo , which results in premature shut - greater performance throttling by limiting the current avail 
down of device 110 . The dynamic maximum current limit 60 able to the device 110 for completing device operations . 
ILIMIT DYN may vary over time . In particular , the dynamic Alternatively , a higher power management current limit 
maximum current limit ILMIT Dyn can vary over time based ILIMIT . PM imposes a less restrictive limit on the system 
on the condition of the battery . For example , the dynamic current Isys . A less restricted system current Isys leads to 
maximum current limit ILIMIT , Din can vary over time based better device performance by providing more system current 
on the battery impedance RBAT , which may depend on the 65 Isys to device 110 for completing device operations . How 
age of the battery 112 , the state of charge of the battery 112 , ever , a less restricted system current Isys also reduces battery 
and the battery temperature TBAT . The dynamic maximum runtime by discharging the battery more quickly . 
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In some implementations , the device 110 may determine An individual user may select a power management 

the power management current limit ILIMIT . PM to select preference that is different than another individual user ' s 
between or balance desirable and undesirable effects of preference . For example , one user may select a power 
limiting system current Isys . For example , the device 110 management preference that emphasizes extending battery 
may determine the power management current limit 5 runtime , while another user may select a power management 
I , Y to extend battery runtime , to achieve better device preference that emphasizes achieving better device perfor 
performance , or to trade - off between extended battery run mance . An individual user may also select different power 
time and better device performance . For example , the device management preferences at different times . For example , a 

110 may set the power management current limit ILIMIT . PM user may select a power management preference that 

to a relatively low value to extend battery runtime . As 10 emphasizes extending battery runtime when she will be 
unable to charge the battery 112 for a prolonged period of another example , the device 110 may set the power man time . Alternatively , the same user may select a power agement current limit ILIMIT PM to a relatively high value to management preference that emphasizes achieving better 

achieve better device performance . As a third example , the device performance when she will be able to charge the device 110 may set the power management current limit at limit 15 battery 112 in the near future . 
ILIMIT . PM to an intermediate value to trade - off battery run In some implementations , the user - selected power man time and device performance . agement preference may be represented by a parameter a . 

The power management current limit ILIMIT . PM can be The parameter a is between 0 and 1 and may be equal to 0 
generated based on one or more other current limits of the or 1 . The parameter a may be selected by a user and input 
device 110 . For example , the device 110 can store a setting 20 through the user interface 150 . The parameter a allows the 
that indicates a fixed lower current limit ILIMIT , FIX . The fixed power management current limit ILIMIT . PM to be determined 
lower current limit ILIMIT FIY may be determined in order to between the fixed lower current limit ILIMIT FIX and the 
prevent the system voltage Vsys from dropping below the dynamic maximum current limit ILIMIT DYN according to : 
system under - voltage lock - out voltage VUvlo for a worst 
case battery condition ( e . g . a high battery impedance RBAT ) . 25 25 ( 6 ) ILIMITPMA ( ILIMIT , DYN - ILIMIT , FIX ) + ILIMIT , FIX 
The worst - case battery condition may correspond to a bat - For a equal to 0 , the power management current limit 
tery that is old , cold , and near fully discharged . The fixed ILIMIT , PM is equal to ILIMIT . FIX . For a equal to 1 , the power 
lower current limit ILIMIT , FIX may be predetermined . For management current limit ILIMIT , PM is equal to ILIMIT , DYN . 
instance , the fixed lower current limit ILIMIT FIX may be a For any value of a between 0 and 1 , the power management 
system setting that is set by the manufacturer or set by 30 current limit ILIMIT , PM is between ILIMIT , FIX and ILIMIT , DYN . 
software of the device 110 . The fixed lower current limit As shown in equation 6 , the device 110 can interpolate a 
ILIMIT . FIX is typically less than the dynamic maximum cur - value of the power management current limit ILIMIT PM using 
rent limit IDYN . LIM information about user preferences , e . g . , by using a weight 

In some implementations , the device 110 may set the ing or scaling factor to vary the current limit within a range . 
power management current limit I , IMIT PM to the fixed lower 35 In stage ( E ) , the power management module 130 dynami 
current limit ILIMIT FIX , to the dynamic maximum current cally adjusts power management settings and techniques 
limit ILIMIT , DYN , or to any value between the fixed lower within the device 110 to ensure that the current drawn from 
current limit ILIMIT FIX and the dynamic maximum current the battery 112 remains at or below the power management 
limit ILIMIT . DYN . For example , a device 110 may set the current limit ILIMIT . PM . For example , the device 110 may 
power management current limit ILIMIT . PM to the fixed lower 40 store data indicating the typical or expected current draw of 
current limit ILIMIT FIX to extend battery runtime . Alterna different performance blocks 120 at different settings . Based 
tively , a device 110 may set the power management current on this data characterizing the power usage of different 
limit ILIMIT . PM to the dynamic maximum current limit components at different operating conditions , the power 
ILIMIT . DYN to achieve better device performance . A device management module 130 can set power management set 
110 may set the power management current limit ILIMIT PM 45 tings for each performance block 120 so that the combined 
to a value between the fixed lower current limit ILIMIT . FIX current needed by the device is below the power manage 
and the dynamic maximum current limit ILIMIT . DYN to bal ment current limit I , IMIT PM . The power management set 
ance battery runtime and better device performance . tings may control , for instance , the brightness of a display , 

In some implementations , a user can vary the character the CPU frequency , or whether a given block is enabled or 
istics of the power management current limit ILIMIT PM . For 50 disabled . In this manner , the power management module can 
example , through the user interface 150 , the user may select set limits on the operating modes of the performance blocks 
a power management preference for device 110 that empha - 120 to maintain current below the current power manage 
sizes extending battery runtime , achieving better device ment current limit . For example , from stored information 
performance , or balancing extended battery runtime and indicating the current draw of a CPU , GPU , or other 
better device performance . If the user selects a power 55 processor of the device 110 at different operating frequen 
management preference that emphasizes extending battery cies , the power management module 130 may set a fre 
runtime , the power management current limit ILIMIT PM may quency limit that limits the operating frequency to less than 
be set to the fixed lower current limit I , IMIT FIY . If the user the typical or maximum operating frequency when operating 
selects a power management preference that emphasizes at full power . As another example , the power management 
achieving better device performance , the power manage - 60 module 130 may deactivate one or more processing cores to 
ment current limit ILIMIT PV may be set to the dynamic limit current draw . As another example , the power manage 
maximum current limit ILIMIT , DYN . If the user selects a ment module 130 may limit the power levels for a radio 
power management preference that balances extended bat - transceiver , or may limit the modes in which the radio 
tery runtime and better device performance , the power transceiver can operate . The extent and type of limitations 
management current limit ILIMIT PM may be set to a value 65 imposed by the power management module 130 can be 
between the fixed lower current limit ILIMIT . FIX and the dynamically changed as the power management power 
dynamic maximum current limit ILIMIT DYN . management current limit ILIMIT . PM changes . 
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In some implementations , the power management module battery state of charge , battery age , and battery temperature . 

130 may adjust the settings for each performance block 120 For some time intervals 102 , the current limits can be 
to prioritize some blocks over other blocks . For example , the determined in real time or near - real time to reflect the 
power management module 130 may allocate more current present condition of the system . In some implementations , 
to performance blocks 120 that are critical for operation , 5 the device 110 may incorporate real - time or near - real - time 
such as a CPU or a modem , while limiting current to blocks feedback control to prevent device 110 from powering down 
less critical for device operation , such as a display or a when the system voltage Vsys momentarily drops below the 
camera flash . system under - voltage lock - out voltage VULO . For example , 

The behavior of device 110 can vary depending upon the if the device 110 determines that the system voltage Vsys 
value of the power management current limit ILIMIT PM . For 10 drops below the system under - voltage lock - out voltage 
example , a power management current limit ILIMIT . PM equal V uvo during a measurement cycle , the device 110 may 
to the fixed lower current limit ILIMIT FIX imposes a more reduce the power management current limit ILIM . PM , which 
restrictive current limit on the device 110 . The more restric - prompts the power management module 130 to implement 
tive current limit extends battery runtime by reducing the settings that decrease the system current Isys and increase 
discharge rate of the battery 112 , but also leads to greater 15 the system voltage Vsys . If the system voltage VSYS 
throttling of device performance by limiting the current increases above the system under - voltage lock - out voltage 
available for device operations . A power management cur - Vyle before the device 110 initiates shut - down , the device 
rent limit ILIMIT PM equal to the dynamic maximum current 110 may be prevented from powering off due to an under 
limit I , IMIT Dyvimposes a less restrictive current limit on the voltage condition . 
device 110 . The less restrictive current limit leads to better 20 During each time interval 102 , the system 100 may also 
device performance by providing more current to device 110 determine the user power management preference and set 
for device operations , but also reduces battery runtime by the power management current limit ILIMIT . Py to reflect both 
discharging the battery more quickly . A power management the present condition of the system and the present user 
current limit ILIMIT . PM equal to an intermediate value power management preference . In this way , the system 100 
between the fixed lower current limit ILIMIT FIy and the 25 can improve the user experience by varying over time the 
dynamic maximum current limit ILIMIT DYn imposes a cur - custom power management approach implemented based on 
rent limit on the device 110 that balances battery runtime and the present preferences of the current user . 
device performance . For instance , a power management FIG . 2 is an example user interface for specifying 
current limit ILIMIT PM closer to the dynamic maximum dynamic battery power management preference . The user 
current limit I , IMIT Dyy than to the fixed lower current limit 30 interface 250 is part of a battery - powered device 210 that 
ILIMIT FIY may lead to slightly extended battery runtime and implements a power management system , for instance , the 
substantially better device performance , while a power man system 100 illustrated in the example of FIG . 1 . 
agement current limit ILIMIT PM closer to the fixed lower In the example of FIG . 2 , the user interface 250 is a 
current limit ILIMIT FIX than to the dynamic maximum cur - touchscreen display , through which the device 210 can 
rent limit I , IMIT DYN may lead to substantially extended 35 display messages and prompt a user for input through user 
battery runtime , but slightly better device performance . interface 250 . The user can also input data to the device 210 

The power management current limit ILIMT ey may be through the user interface 250 . 
varied by a user based on her power management prefer - The device 210 displays a message to the user on the user 
ences . By setting the power management current limit interface 250 . The message prompts the user to select a 
ILIMIT PM based on a user ' s preference , the device 110 can 40 power management preference and provides instructions 
implement a power management approach customized to the how to select a preference . In the example of FIG . 2 , the 
individual user . message instructs the user to select a power management 

In some implementations , the system 100 repeats stages preference by sliding a bar between Battery Runtime and 
( A ) through ( E ) at periodic time intervals 102 . The time System Performance . By adjusting the position of the bar 
intervals 102 may vary and may be regular or irregular . For 45 255 along the scale between Battery Runtime and Device 
example , the time interval 102 may be the clock cycle of a Performance , the user can input her preference for power 
power management IC , e . g . , on the order of microseconds , management to the device 210 . 
within device 110 . The stages ( A ) to ( E ) can be performed For example , if the user prefers that the device 210 
at other rates , for example , with a measurement cycle and / or determines power management settings that emphasize 
determination of a current limit being performed at a rate of 50 extending battery runtime , she can place the bar 255 at the 
1 Mhz , 100 kHz , 10 kHz , 1 kHz , 100 Hz , 10 Hz , etc . In some left end the scale . In this case , the device 210 may determine 
implementations , the time interval 102 may also be several power management settings that maximize battery runtime . 
seconds or minutes . In general , it can be advantageous to Alternatively , if the user prefers that the device 210 deter 
perform measurements and update the current limit at least mines power management settings that emphasize better 
once per second , or potentially much more frequently , in 55 device performance , she can place the bar 255 at the right 
order to respond to changes in temperature , state of charge , end of the scale . In this case , the device 210 may determine 
and other factors that affect battery impedance . Neverthe - power management settings that maximize device perfor 
less , for some systems having a relatively large battery mance . 
capacity compared to the load current , or where loads and In some implementations , the user may also place the bar 
environmental conditions are stable , current limits may be 60 255 at any intermediate position along the scale , in which 
updated less frequently , e . g . , once every several minutes . In case device 210 may determine power management settings 
the example of FIG . 1 , the time interval 102 is one milli - that trade - off between extending battery runtime and achiev 
second , indicating the system 100 performs stages ( A ) ing better device performance . The relative position of the 
through ( E ) once every millisecond , e . g . , at a rate of 1 kHz . bar 255 may indicate the relative importance of extending 

By repeating stages ( A ) through ( E ) at periodic time 65 battery runtime and achieving better device performance in 
intervals , the system 100 can determine current limits that determining power management settings . For example , a bar 
vary over time to account for changing conditions , such as 255 placed at the midpoint of the scale may indicate that 

I 
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device 210 will determine power management settings that The system current Isys may increase , for instance , if there 
trade - off equally between extending battery runtime and is increased processing demand in the device . 
achieving better device performance . Alternatively , a bar Because the system voltage Vsys drops below the system 
255 placed between the left end of the scale and the midpoint under - voltage lockout voltage Vulo at location 325 , the 
of the scale may indicate that the device 210 will determine 5 battery - powered device powers down . However , as shown at 
power management settings that trade - off between extend - location 335 , at the point of shut - down , the battery open 
ing battery runtime and achieving better device perfor circuit voltage OCV is significantly larger than the system 
mance , but place greater emphasis on extending battery under - voltage lockout voltage Vuvio and the battery state of 

charge remains much greater than 0 % . The device could runtime . 
In some implementations , the device 210 may use the 10 continue to operate with a lower system current Isys , and so 

the device shut - down is premature . power management preference input by the user to deter In some implementations , a battery - powered device mine customized power management settings . For example , employs a power management system such as system 100 in 
the device 210 may associate the position of the bar 255 with FIG . 1 , which limits the system current Isys . Limiting the a value for the parameter a used to determine the power 15 system current Isys can prevent the system voltage VSYS management current limit ILIMIT . PM in stage ( D ) of FIG . 1 . from dropping below the system under - voltage lockout 
For the example of FIG . 2 , a bar placed at the left end of the voltage VuvlO and thus prevent the device from powering 
scale corresponds to a value of 0 for a , a bar placed at the down prematurely . 
right end of the scale corresponds to a value of 1 for a , and FIGS . 4 and 5 illustrate examples that compare device 
a bar placed at a position between the left end and the right 20 behavior when battery runtime or device performance are 
end of the scale corresponds to a value between 0 and 1 for preferred . FIG . 4 illustrates an example of device behavior 
a . In the specific example depicted in FIG . 2 , the bar 255 is where the device sets current limits to extend battery run 
located near the left end of the scale , approximately 25 % of time , which also leads to limited device performance . FIG . 
the distance to the right end of the scale , which corresponds 5 illustrates an example of device behavior where the device 
to a value of 0 . 25 for a . 25 sets current limits to achieve better device performance , 

The user interface 250 can provide any of various types of which also leads to limited battery runtime . 
controls to allow the user to specify power management In both the examples of FIG . 4 and FIG . 5 , the device sets 
preferences . For example , the user interface 250 may a power management current limit ILIMIT . PM to prevent 
include multiple selectable options or profiles , a dial , a premature device shut - down . In the example of FIG . 4 , 
number entry field , a drop box , or a sliding scale . 30 battery runtime is preferred and so the power management 

FIG . 3 is a chart that illustrates an example of battery current limit ILIMIT . PM is set to the fixed lower current limit 
management that can lead to premature device shut - down . ILIMIT FIX , which is a more restrictive current limit . In the 
Here , premature device shut - down refers to a situation example of FIG . 5 , device performance is preferred and so 
where a device powers down before its battery is near full the power management current limit ILIMIT . PM is set to the 
discharge , e . g . , when under voltage protection powers down 35 dynamic maximum current limit I , IMIT DYN , which is greater 
the device even though the battery still holds sufficient than the fixed lower current limit ILIMIT FIX and is thus a less 
charge to continue operating the device . At the point of restrictive current limit . 
premature shut - down , the battery can still supply sufficient The upper charts 415 and 515 of FIG . 4 and FIG . 5 , 
voltage for the device to operate using a lower current level . respectively , plot the system voltage Vsys as a function of 
In the example of FIG . 3 , increased system current Isys 40 time during device operation . The system under - voltage 
induces a voltage drop across the battery impedance RBAT lockout voltage VUVLO , which determines when the device 
that reduces the system voltage Voys below the system powers down , is indicated . If the system voltage V sys drops 
under - voltage lockout voltage VUVLO . The drop in system below the system under - voltage lockout voltage VUVLO , the 
voltage Vsys causes the device to power down before the device powers down . 
battery nears full discharge . 45 The middle charts 425 and 525 of FIG . 4 and FIG . 5 , 

Chart 300 plots the battery open circuit voltage OCV , the respectively , plot the system current Isys as a function of 
system voltage Vsys , and the system current Isys as a time during device operation . In both charts , the respective 
function of the battery state of charge . The battery open power management limit currents ILIMIT Py are indicated . In 
circuit voltage OCV is at a high value when the battery state chart 525 of FIG . 5 , the fixed lower limit current ILIMIT FIX 
of charge is 100 % ( fully charged ) . As the battery discharges 50 is also shown for reference . 
and the battery state of charge decreases to 0 % ( fully The lower charts 435 and 535 of FIG . 4 and FIG . 5 , 
discharged ) , the battery open circuit voltage OCV decreases . respectively , plot the battery state of charge as a function of 

The system under - voltage lockout voltage Vyvo defines time during device operation . In both examples , at the left 
the system voltage Vsys at which the device powers down . side of the plot , the battery begins at 100 % state of charge . 
In the example of FIG . 3 , the system under - voltage lockout 55 The battery state of charge decreases as the device is 
voltage Vuvo is set near the battery open circuit voltage operated . 
OCV of a fully - discharged battery , as indicated by position In the example of FIG . 4 , at the start of timeframe 445 , the 
315 . device limits the system current Isys to the power manage 
As shown in chart 300 , for a given battery state of charge , ment current limit ILIMIT . PM , which is equal to the fixed 

the system voltage Vsys is less than the battery open circuit 60 lower current limit ILIMIT FIY . As shown in chart 425 , during 
voltage by a voltage equal to the system current Isys timeframe 445 the system current Isys is maintained below 
multiplied by the battery impedance Rbat . If the system the fixed lower current ILIMIT . FIX . 
current Isys increases , the battery impedance Rbat will tend As shown in chart 415 , limiting the system current Isys 
to decrease the voltage that the battery can supply to the prevents the system voltage Vsys from dropping below the 
system at the increased level of current . As a result , the 65 system under - voltage lockout voltage VUYLo , which would 
system voltage Vsys may drop below the system under - cause device shut - down . In timeframe 445 , the system 
voltage lockout voltage Vuilo , as indicated at position 325 . voltage Vsys remains well above the system under - voltage 
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lockout voltage VUVLO , indicating that the system current the state of the battery by obtain data indicating the sensed 
Isys has room to increase without causing the device to battery state of charge and sensed battery temperature , 
shut - down . The margin 455 between the system voltage possibly from the output of a battery fuel gauge . Based on 
Vsys and system the under - voltage lockout voltage VUVLO the battery state of charge and battery temperature , the 
gives an indication of the extent to which the device per - 5 device may determine a battery open circuit voltage OCV , 
formance is over - throttled ( i . e . the device performance is for instance , by consulting a look - up table that associates a 
limited more than necessary ) . In chart 415 , the large extent battery state of charge and battery temperature with a battery 
of the margin 455 indicates that the device is significantly open circuit voltage OCV . 
over - throttled and performance is limited . Based on the sensed voltage and current and the deter 
As shown in chart 435 , the more restrictive system current 10 mined present state of the battery , the device determines an 

Isys results in a small decrease in battery state of charge electric current limit ( 606 ) . For example , the device may 
during timeframe 445 , with significant charge remaining in have a voltage threshold , where the device is configured to 
the battery at the end of timeframe 445 ( location 465 ) . The power down in response to detecting a voltage that is less 
significant charge remaining in the battery indicates that than the voltage threshold . Based on the sensed voltage , the 
battery runtime is extended . 15 sensed electric current , and the determined state of the 

In contrast , in the example of FIG . 5 , at the start of battery , the device may determine a maximum electric 
timeframe 545 , the device limits the system current Isys to current threshold indicating an amount of electric current 
the power management current limit ILIMIT PM which is that the battery can provide without the voltage provided by 
equal to the dynamic maximum current limit ILIMIT DYN . As the battery falling below the predetermined voltage thresh 
shown in chart 525 , during timeframe 545 the system current 20 old . The device may then determine the electric current limit 
Isys is maintained below the dynamic maximum current to be the maximum electric current threshold . 

The device may also determine a battery impedance based 
As in chart 415 , chart 515 shows that limiting the system on the sensed voltage , sensed electric current , sensed battery 

current Isys prevents the system voltage Vsys from dropping temperature , and / or sensed battery state of charge . The 
below the system under - voltage lockout voltage VUWLO . In 25 device may determine the electric current for the device 
timeframe 545 , the system voltage Vsys drops near to , but using the battery impedance . 
not below , the system under - voltage lockout voltage VULO , The device may have a user interface configured to 
indicating that the system current Isys is near the maximum receive a user ' s input indicating the user ' s power manage 
current level possible without inducing device shut - down . In ment preference for the device . Based on the user ' s power 
chart 515 , the small extent of margin 555 indicates that the 30 management preference , the device may determine the elec 
device is minimally over - throttled , which results in better tric current limit by selecting a current limit in a range from 
performance compared to the operation depicted in FIG . 4 . a minimum electric current threshold to a maximum electric 

As shown in chart 535 , the higher system current Isys current threshold , where the minimum and maximum elec 
results in a significant decrease in battery state of charge tric current thresholds are determined by the device . 
during timeframe 545 , with the battery being fully dis - 35 The device then manages power use of the electronic 
charged ( 0 % state of charge ) at the end of the timeframe 555 device to maintain current draw from the battery at or below 
( location 565 ) . The full depletion of the battery during the electric current limit ( 608 ) . For example , the device can 
timeframe 555 indicates that the battery runtime is limited implement different power management settings for differ 
when compared to the operation depicted in FIG . 4 . ent device components to ensure that the total system current 

In some implementations , a power management system 40 remains below the electric current limit . The device may 
such as system 100 in FIG . 1 determines a power manage - implement different power - management settings for differ 
ment current limit ILIMIT PM that can be selected to extend ent electric current limits . 
battery runtime , achieve better device performance , or trade The device may periodically repeat the measurement 
off between extending battery runtime and achieving better cycle that includes sensing the voltage and electric current 
device performance . The power management current limit 45 provided by the battery and determining the present state of 
ILIMIT Py may be determined without input from a user , or the battery , then adjusts the electric current limit based on 
may vary based on a preference input by a user . data obtained during the periodically repeated measurement 

FIG . 6 is a flow chart that illustrates a process 600 for c ycles . 
dynamic battery power management . The process 600 can The process600 may be performed using hardware , 
be performed by battery - powered electronic device , such as 50 software , firmware , or a combination of them . In some 
the device 110 of FIG . 1 . The device includes at least a implementations , one or more non - transitory machine - read 
battery , one or more sensors , and a power management able media store instructions directing the device to perform 
system . The one or more sensors may be configured to sense the process 600 . 
a voltage provided by the battery , an electric current pro - Embodiments of the invention and all of the functional 
vided by the battery , a battery temperature and / or a battery 55 operations described in this specification may be imple 
state of charge . The device may be , for instance , a mobile mented in digital electronic circuitry , or in computer soft 
phone . ware , firmware , or hardware , including the structures dis 

In process 600 , the device senses a voltage provided by closed in this specification and their structural equivalents , 
the battery and an electric current provided by the battery or in combinations of one or more of them . Embodiments of 
( 602 ) . For example , the device may sense the total voltage 60 the invention may be implemented as one or more computer 
delivered to the device by the battery and the total current program products , i . e . , one or more modules of computer 
delivered to the device by the battery using the one or more program instructions encoded on a computer - readable 
sensors of the device . medium for execution by , or to control the operation of , data 

The device determines the present state of the battery processing apparatus . The computer readable medium may 
( 604 ) . For example , the device may determine the state of 65 be a non - transitory computer readable storage medium , a 
the battery by obtaining data indicating the open circuit machine - readable storage device , a machine - readable stor 
voltage OCV of the battery . The device may also determine age substrate , a memory device , a composition of matter 
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effecting a machine - readable propagated signal , or a com - To provide for interaction with a user , embodiments of the 
bination of one or more of them . The term “ data processing invention may be implemented on a computer having a 
apparatus ” encompasses all apparatus , devices , and display device , e . g . , a CRT ( cathode ray tube ) or LCD 
machines for processing data , including by way of example ( liquid crystal display ) display , for displaying information to 
a programmable processor , a computer , or multiple proces - 5 the user and touchscreen , buttons , a keyboard , or other input 
sors or computers . The apparatus may include , in addition to device by which the user may provide input to the computer . 
hardware , code that creates an execution environment for the Other kinds of devices may be used to provide for interac 
computer program in question , e . g . , code that constitutes tion with a user as well ; for example , feedback provided to 
processor firmware , a protocol stack , a database manage the user may be any form of sensory feedback , e . g . , visual 
ment system , an operating system , or a combination of one " feedback , auditory feedback , or tactile feedback ; and input 
or more of them . A propagated signal is an artificially from the user may be received in any form , including 
generated signal , e . g . , a machine - generated electrical , opti acoustic , speech , or tactile input . 
cal , or electromagnetic signal that is generated to encode Embodiments of the invention may be implemented in a 
information for transmission to suitable receiver apparatus . 16 computing system that includes a back end component , e . g . , 
Acomputer program ( also known as a program , software , as a data server , or that includes a middleware component , 

software application , script , or code ) may be written in any e . g . , an application server , or that includes a front end 
form of programming language , including compiled or component , e . g . , a client computer having a graphical user 
interpreted languages , and it may be deployed in any form , interface or a Web browser through which a user may 
including as a stand - alone program or as a module , compo - 20 interact with an implementation of the invention , or any 
nent , subroutine , or other unit suitable for use in a computing combination of one or more such back end , middleware , or 
environment . A computer program does not necessarily front end components . The components of the system may 
correspond to a file in a file system . A program may be stored be interconnected by any form or medium of digital data 
in a portion of a file that holds other programs or data ( e . g . , communication , e . g . , a communication network . Examples 
one or more scripts stored in a markup language document ) , 25 of communication networks include a local area network 
in a single file dedicated to the program in question , or in ( “ LAN ” ) and a wide area network ( “ WAN ” ) , e . g . , the 
multiple coordinated files ( e . g . , files that store one or more Internet . 
modules , sub programs , or portions of code ) . A computer The computing system may include clients and servers . A 
program may be deployed to be executed on one computer client and server are generally remote from each other and 
or on multiple computers that are located at one site or 30 typically interact through a communication network . The 
distributed across multiple sites and interconnected by a relationship of client and server arises by virtue of computer 
communication network . programs running on the respective computers and having a 

The processes and logic flows described in this specifi client - server relationship to each other . 
cation may be performed by one or more programmable While this specification contains many specifics , these 
processors executing one or more computer programs to 35 should not be construed as limitations on the scope of the 
perform functions by operating on input data and generating invention or of what may be claimed , but rather as descrip 
output . The processes and logic flows may also be per - tions of features specific to particular embodiments of the 
formed by , and apparatus may also be implemented as , invention . Certain features that are described in this speci 
special purpose logic circuitry , e . g . , an FPGA ( field pro fication in the context of separate embodiments may also be 
grammable gate array ) or an ASIC ( application specific 40 implemented in combination in a single embodiment . Con 
integrated circuit ) . versely , various features that are described in the context of 

Processors suitable for the execution of a computer pro - a single embodiment may also be implemented in multiple 
gram include , by way of example , both general and special embodiments separately or in any suitable subcombination . 
purpose microprocessors , and any one or more processors of Moreover , although features may be described above as 
any kind of digital computer . Generally , a processor will 45 acting in certain combinations and even initially claimed as 
receive instructions and data from a read only memory or a such , one or more features from a claimed combination may 
random access memory or both . The essential elements of a in some cases be excised from the combination , and the 
computer are a processor for performing instructions and claimed combination may be directed to a subcombination 
one or more memory devices for storing instructions and or variation of a subcombination . 
data . Generally , a computer will also include , or be opera - 50 Similarly , while operations are depicted in the drawings in 
tively coupled to receive data from or transfer data to , or a particular order , this should not be understood as requiring 
both , one or more mass storage devices for storing data , e . g . , that such operations be performed in the particular order 
magnetic , magneto optical disks , or optical disks . However , shown or in sequential order , or that all illustrated operations 
a computer need not have such devices . Moreover , a com - be performed , to achieve desirable results . In certain cir 
puter may be embedded in another device , e . g . , a tablet 55 cumstances , multitasking and parallel processing may be 
computer , a mobile telephone , a personal digital assistant advantageous . Moreover , the separation of various system 
( PDA ) , a mobile audio player , a Global Positioning System components in the embodiments described above should not 
( GPS ) receiver , to name just a few . Computer readable be understood as requiring such separation in all embodi 
media suitable for storing computer program instructions ments , and it should be understood that the described 
and data include all forms of non - volatile memory , media , 60 program components and systems may generally be inte 
and memory devices , including by way of example semi - grated together in a single software product or packaged into 
conductor memory devices , e . g . , EPROM , EEPROM , and multiple software products . 
flash memory devices ; magnetic disks , e . g . , internal hard Thus , particular embodiments of the invention have been 
disks or removable disks ; magneto optical disks ; and CD described . Other embodiments are within the scope of the 
ROM and DVD - ROM disks . The processor and the memory 65 following claims . For example , the actions recited in the 
may be supplemented by , or incorporated in , special purpose claims may be performed in a different order and still 
logic circuitry . achieve desirable results . 
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What is claimed is : and determined state of the battery from at least one of 
1 . An electronic device comprising : the periodically repeated measurement cycles , the 
a power management system configured to : maximum electric current threshold being greater than 

periodically repeat a measurement cycle that includes the first electric current threshold ; and 
( i ) sensing a voltage provided by a battery coupled to 5 selecting , as the electric current limit for the electronic 
the electronic device and an electric current provided device , an electric current limit in a range from the first 
by the battery , and ( ii ) determining a present state of electric current threshold to the maximum electric 
the battery ; current threshold based on the power management 

adjust an electric current limit for the electronic device preference indicated by the user input received using 
based on the sensed voltage , the sensed electric 10 the user interface . 
current , and the determined present state of the 11 . The electronic device of claim 10 , wherein selecting 
battery obtained from at least one of the periodically the electric current limit comprises selecting , based on the 
repeated measurement cycles ; and power management preference indicated by the user input 

initiate a reduction in power use of the electronic received using the user interface , an electric current limit 
device to maintain electric current draw from the 15 that is greater than the first electric current threshold and less 
battery at or below the adjusted electric current limit . than the maximum electric current threshold . 

2 . The electronic device of claim 1 , wherein the electronic 12 . The electronic device of claim 1 , wherein the power 
device is a mobile phone . management system is configured to initiate a reduction in 

3 . The electronic device of claim 1 , wherein the electronic power use of the electronic device by one or more of : 
device has a voltage threshold , wherein the electronic device 20 dimming a display of the electronic device ; 
is configured to power down in response to detecting a reducing an electric current supplied to one or more 
voltage that is less than the voltage threshold . components of the electronic device ; 

4 . The electronic device of claim 3 , wherein the detected reducing a voltage supplied to one or more performance 
voltage is the voltage provided by the battery . blocks of the electronic device ; 

5 . The electronic device of claim 1 , wherein the power 25 reducing a clock frequency of one or more processing 
management system is configured to determine the present units of the electronic device ; or 
state of the battery by obtaining data indicating an open deactivating one or more components of the electronic 
circuit voltage of the battery . device . 

6 . The electronic device of claim 5 , wherein the power 13 . A method comprising : 
management system is configured to obtain the open circuit 30 periodically repeating a measurement cycle that includes 
voltage of the battery by : ( i ) sensing , by an electronic device that is powered by 

obtaining data indicating a state of charge of the battery a battery , a voltage provided by the battery and an 
and a temperature of the battery ; and electric current provided by the battery , and ( ii ) deter 

determining an open circuit voltage corresponding to the mining , by the electronic device , a present state of the 
indicated state of charge of the battery and the indicated 35 battery ; 
temperature of the battery . adjusting , by the electronic device , an electric current 

7 . The electronic device of claim 1 , wherein to adjust the limit for the electronic device based on the sensed 
electric current limit for the electronic device , the power voltage , the sensed electric current and the determined 
management system is configured to determine , based on at present state of the battery obtained from at least one of 
least one sensed voltage , sensed electric current , and deter - 40 the periodically repeated measurement cycles ; and 
mined state of the battery from at least one of the periodi managing , by the electronic device , power use of the 
cally repeated measurement cycles , a maximum electric electronic device to maintain electric current draw from 
current threshold indicating an amount of electric current the battery at or below the adjusted electric current 
that the battery can provide without the voltage provided by limit . 
the battery falling below a predetermined voltage threshold . 45 14 . The method of claim 13 , wherein : 

8 . The electronic device of claim 1 , wherein the measure determining a present state of the battery comprises 
ment cycle includes determining a battery impedance of the obtaining data indicating a state of charge of the 
battery based on the sensed voltage and the sensed electric battery , a temperature of the battery , or an open circuit 
current determined during the measurement cycle ; and voltage of the battery ; and 

wherein the power management system is configured to 50 adjusting the electric current limit for the electronic 
adjust the electric current limit for the electronic device device comprises : 
using the determined battery impedance . determining an electric current threshold for the elec 

9 . The electronic device of claim 1 , wherein the electronic tronic device based on at least ( i ) the voltage pro 
device is configured to provide a user interface configured to vided by the battery and ( ii ) the data indicating the 
receive user input indicating a power management prefer - 55 state of charge of the battery , the temperature of the 
ence of a user of the electronic device , battery , or the open circuit voltage of the battery ; and 

wherein the power management system is configured to setting the electric current limit for the device based on 
adjust the electric current limit for the electronic device the determined electric current threshold . 
based on the power management preference indicated 15 . The method of claim 13 , further comprising deter 
by the user input received using the user interface . 60 mining a voltage threshold for the electronic device ; 

10 . The electronic device of claim 9 , wherein the power wherein adjusting the electric current limit for the elec 
management system is configured to adjust the electric tronic device is further based on the voltage threshold . 
current limit for the electronic device by : 16 . The method of claim 13 , further comprising operating 

determining a first electric current threshold for the elec - the electronic device to manage power consumption using a 
tronic device ; 65 first electric current limit ; 

determining a maximum electric current threshold based wherein setting the electric current limit for the electronic 
on at least one sensed voltage , sensed electric current , device comprises : 
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determining a battery impedance corresponding to the battery of the electronic device at or below the 

present state of the battery , the battery impedance adjusted electric current limit . 
being based on at least the sensed voltage and the 21 . The system of claim 20 , wherein , to adjust the electric 
sensed electric current obtained from at least one of current limit for the electronic device , the system is config 
the periodically repeated measurement cycles ; 5 ure , determine , based on at least one sensed voltage , sensed determining an electric current threshold based at least electric current , and determined state of the battery on the determined battery impedance , wherein the from at least one of the periodically repeated measure electric current limit is based on the electric current ment cycles , a maximum electric current threshold 
threshold ; and indicating an amount of electric current that the battery 

changing the electric current limit for the electronic can provide without the voltage provided by the battery 
device from the first electric current limit to a second falling below a predetermined voltage threshold ; and 
electric current limit that is based on the determined set the electric current limit to the maximum electric 
electric current threshold , wherein the second elec current threshold . 
tric current limit is different from the first electric 22 . The system of claim 20 , wherein the system is 
current limit . 15 configured to provide a user interface configured to receive 

17 . The method of claim 13 , wherein the electronic device user input indicating a power management preference of a 
repeats the measurement cycle at a rate between once per user of the battery - powered electronic device , 
hour and 1 MHz . wherein the system is configured to adjust the electric 

18 . The method of claim 13 , further comprising providing 20 current limit for the electronic device based on the 
a user interface configured to receive user input indicating a power management preference indicated by the user 
power management preference of a user of the electronic input received using the user interface . 
device , 23 . The system of claim 20 , wherein the measurement 

wherein Getting adjusting the electric current limit for the cycle includes determining a battery impedance of the cyo 
electronic device is based on the power management 2 battery based on the sensed voltage and sensed electric 
preference indicated by the user input received using current ; and 
the user interface . wherein the one or more electronic devices are configured 

19 . The method of claim 13 , wherein managing power use to adjust the electric current limit for the electronic 

of the electronic device to maintain electric current draw device using the determined battery impedance . 
24 . One or more machine - readable storage devices storing from the battery at or below the adjusted electric current 30 

limit comprises initiating a reduction in power use of the 30 instructions that , when executed by one or more processors 
electronic device to maintain electric current draw from the of an electronic device powered by a battery , cause the 
battery at or below the adjusted electric current limit . electronic device to perform operations comprising : 

20 . A system comprising : periodically repeating a measurement cycle that includes 
one or more electronic devices configured to manage 35 ( i ) sensing , by the electronic device that is powered by 
power of a battery - powered electronic device , where the battery , a voltage provided by the battery and an 
the system is configured to : electric current provided by the battery , and ( ii ) deter 
periodically repeat a measurement cycle that includes mining , by the electronic device , a present state of the 

( i ) sensing a voltage provided by a battery of the battery ; 
battery - powered electronic device and an electric 40 adjusting , by the electronic device , an electric current 
current provided by the battery , and ( ii ) determining limit for the electronic device based on the sensed 
a present state of the battery ; voltage , the sensed electric current , and the determined 

adjust an electric current limit for the electronic device present state of the battery obtained from the periodi 
based on the sensed voltage , the sensed electric cally repeated measurement cycles ; and 
current , and the determined present state of the 45 managing , by the electronic device , power use of the 
battery obtained from at least one of the periodically electronic device to maintain electric current draw from 
repeated measurement cycles ; and the battery at or below the adjusted electric current 

initiate a reduction in power use of the electronic limit . 
device to maintain electric current draw from the * * * * 


